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One of the more important variables in the estuaries and other environments

is temperature. In these environments, survival of organisms, especially the more

passive forms, depends on their tolerance to daily and seasonal fluctuations in

temperature.

Temperature tolerances are in turn modified by other variables such as salinity

and dissolved oxygen. These three variables are seasonally related in the estuary.

Dissolved oxygen is physically dependent on temperature and to some extent

salinity.

Previous work on temperature effects on marine invertebrates is reviewed by
Kinne (1963, 1964, 1967, 1970). General treatments appear in Remane and

Shlieper (1971) and in Vernberg and Vernberg (1972). These works also in-

clude discussions of the modifying effects of other variables. The classic paper on

interacting variables is by McLeese (1956), working with the lobster Hoinarus

oincricanus, who found that temperature of acclimation, salinity and oxygen ten-

sion all influenced the upper lethal temperature.
The present paper reports on experiments which were designed to find a

suitable assay for thermal tolerance in the calanoid copepod Eiirytcnwra affinis

(Poppe), to investigate the effect of salinity on temperature tolerance and to com-

pare the tolerances of populations of E. affinis collected at different seasons.

METHODS

The cultures of E. affinis were raised in sterilized hay water using the method
of Heinle (1969b). Mature males were used in all the experiments, although no

sex differences in thermal tolerance were detected in preliminary studies.

Elevated temperatures were obtained using a thermostatically controlled heating-

stirring unit in an aquarium in which shell vials containing the test animals were

placed. Water temperature was carefully monitored and no temperature gradi-
ents were detected in the aquarium. Time lags in temperature in the vials were

34-90 seconds, depending on the external temperature. Low temperatures were

obtained using a cold room (2 C) and the heating unit used if necessary.

High temperature tolerance in the initial experiments was measured as the

temperature at which half the test animals became inactive. Temperature was

raised slowly, one degree every five minutes. Low temperature tolerance was

measured similarly.

In subsequent assays, copepods were tested individually and their times and

temperatures of collapse and their times of recovery at room temperature noted.

26



TEMPERATURETOLERANCEIN COPEPODS

TAHI.I I

Times to succumb (TS) and times to recover (TR) of individual copepods subjected
to sequential temperature changes and their correlations.
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TABLE II

Times to succumb (TS) and times to recover (TR) from temperature shock of two populations

of E. affinis acclimated for 24 hours at four salinities.
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TAHI.F 1 1 1

Times to succumb (TS) and times to recover ' TR) from ten/ /><-nilnn- slunk of two populations
of E. affinis at two salinities without anlimation.

Population
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TABLE IV

Relationships between time to succumb and lime to recover in two populations

of E. affinis with and without salinity acclimation.

With salinity acclimation (3, 9, 12, 15% )
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TABLE V

Indices of temperature tolerance of two populations of E. amnis

(Index = 30 + TS - TR).
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contributes more to the index variance and so to the discrimination, which is

appropriate if the variance reflects innate differences between animals. One could

of course find an index to maximize strain differences over all the assays, but

even then it might apply only to the current data.

In a later experiment 12 animals were tested and then re-tested after a period
of about one hour at room temperature. The top five animals were the same in

both assays and the correlation (repeatability) between the two index III values

was 0.83. Consequently, one might infer that the index is measuring an inherent

property of the animal quite accurately. The repeatabilities for times to succumb

and to recover were 0.62 and 0.75, respectively, both below 0.83. One of the

12 animals did not succumb on either occasion. The average index was slightly

higher in the second assay, so shocking the animals did not appear to decrease

their tolerance.

Using index III (30 + TS - TR), the analyses shown in Tables II and III

were repeated and the results are in Table V. Trends already noted are now
clearer. There is a systematic increase with salinity in tolerance of the August

population. The distinction between populations in \2 (
/u is greater following

salinity acclimation. The advantage of the index over either TS or TR alone

is suggested by the greater proportion of total variances attributable to popula-
tion differences in the assays following salinity acclimation (compare F values in

Tables II and V). In the assay without acclimation, the distinction using TS
alone is greater (Tables III and V).

The results of re-analysis of the data from 36 shock at \S'/ic (acclimated)

are not shown in Table V. The index values were 19.9 (March) and 32.0

(August) and the difference is significant. As with the other assays on acclimated

animals, the proportion of variance removed by populations is greater with the

index than with TS or TR alone. Thus in general the index seems to enhance

ascertainment of thermal tolerance, at least between the two populations used in

this study.

Lower temperature tolerances

Low temperature tolerances of the March and August populations were in-

vestigated to a limited extent, using a temperature shock at 2.5C. At 3%
salinity (acclimated), means of TS were 3.4 (March) and 2.6 (August) and of

TR were 6.7 (March) and 4.7 (August). At 9%c , four of the ten March animals

did not succumb. The average TS and TR of the remainder were 6.1 and 5

minutes, respectively. None of the August animals succumbed at 9',,,. Thus
there appear to be strain differences at 9 c

/<o for lower tolerance. The difference

between populations tested in Z%c were not significant. Increasing salinity seems

to widen the range of tolerance as well as increase the upper limits of temperature
tolerance.

DISCUSSION

The experiments described clearly show how salinity modified the effects of

temperature. The results agree with other cases reviewed by Kinne ( 1964)
where resistance to temperature extremes increased with salinity. The classic

work on this subject is that of McLeese (1956) with the lobster Honuinis aincri-

cunns. He found systematic increases in upper lethal temperature with increase



TEMPERATURETOLERANCEIN COPEPODS 33

in salinity and also with increasing acclimation temperature and oxygen concen-

tration. Other examples of the effects of salinity on temperature sensitivity are

given by Schlieper in Remane and Schlieper (1971), including work by Ranade

(1957) on the copepod Tigriopits juh'iis showing a continuous rise in lethal

temperatures as a function of salinity. Thus there seems to be quite general

agreement on the enhancement of temperature tolerance by increasing salinity, at

least in the range below stressful salinities.

The effect of salinity acclimation was more marked in the August population,

resulting in a greater distinction between the populations following acclimation.

Also there was a differential effect of increasing salinity resulting in increasing

distinction between the populations at higher salinities. This suggests that since

strain differences are enhanced, individual differences in tolerance may be en-

hanced at higher salinities. One way to determine this would be to select for

tolerance at more than one salinity.

It should be emphasized that what has been shown by the data reported here

is a repeatable, salinity-dependent difference in temperature tolerance between two

populations of Enrytcnwra, which were collected originally in March and in

August. I have not demonstrated that there is a difference in tolerance in winter

and in summer. To establish such a difference the effects of other variables, in-

cluding salinity, must first be removed. We have preliminary evidence that tem-

perature acclimation has a significant influence on temperature tolerance.

The question of the nature of seasonal differences in temperature tolerance,

if they exist, therefore remains open. The adaptive strategy of the species may
well be a combination of genetic and physiological adjustment. I now discuss

the curious discrepancy between our results on temperature tolerance and the

distribution of Euryteniora in the wild.

As suggested by the title of the paper, the effect of salinity on temperature
tolerance is not consistent with the observed distribution of Euryteniora in the

Chesapeake Bay region. During the warm summer months it is confined to the

upper fresher reaches of rivers around the bay. We collected samples at 28 C
in nearly fresh water in August. This temperature is near the upper tolerance

level, at least in laboratory culture I could not culture E. affinis at 30 C, nor

could Heinle (1969a). Yet we found thermal tolerance was greatest in 15/e,

a salinity beyond the range in which the species is normally found at any season.

So why should the general increase in salinity with rising average temperature
result in a retreat of the species to areas of lower salinity? The inference is that

there is no cause-effect relationship between salinity and the distribution of E.

affinis, so other explanations must be invoked.

One factor contributing to the observed distribution might be increased preda-
tion in the summer and fall. This seems unlikely since Heinle (1970) found the

density of Euryteniora was less affected by predation than that of Acartia tonsa

(Dana). So unless there is selective predation, other species should be affected

at least as much as E. affinis.

A more likely factor influencing the distribution of Euryteniora is competition,

especially with the dominant summer species, Acartia tonsa. According to Heinle

(1969a, Fig. 10) the growth rate and productivity of E. affinis is equal to that

of Acartia at 12 C but only half as great at 25 C. Furthermore the density of

Acartia may be closely related to phytoplankton production, whereas the density
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of E. a [finis is not, resulting in additional competitive advantage to Acartia in the

summer (Heinle, personal communication).

I wish to thank Joanne Janyska for collecting the data, Frank Hanson for

critically reading the manuscript and Donald Heinle for advice on rearing the

cultures. The work was supported by NSF Grant GA 3362S.

SUMMARY

1. Thermal tolerances of populations of Eitrytcinoru affinis were measured

using two basic methods, at various salinities with and without acclimation. Little

distinction in tolerances was made using temperature of inactivation. A more use-

ful assay was temperature shocking at 34.5 C, observing time to succumb (TS)
and time to recover ( TR) over a 30 minute period.

2. Using the shock-recovery assay, there were repeatable and significant dif-

ferences in tolerance between populations collected in March and August and

also between salinities. Average tolerances and differences between populations

generally increased with salinity.

3. The distinction between populations in thermal tolerance was greater when
the animals were osmotically acclimated for 24 hours.

4. A simple index of tolerance combining TS and TR was suggested. In

most cases the proportional variance between populations, using the index, was
increased over TS and TR.

5. The seasonal distribution of E. affinis is contrary to that expected from the

thermal tolerance-salinity relationship reported here. The explanation offered

is that other species, for example Acartia tonsa, are at a competitive advantage

during the summer and fall because of faster growth rate and greater dependence
on phytoplankton.
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